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Numerical Analysis of Effect of Partial Combustion Air Introduction on Coke Re-heating Behavior in CDQ

Yohsuke MATSUSHITA, Tetsuya Y AG1, Yoshio Morozumi, Hideyuki AoKl, Takatoshi M1URA and Yukihiko MAENO

Synopsis : In this study, the mathematical model for the solid—gas two phase combustion simulation is developed in order to analyze the effect of partial
combustion air introduction on coke re-heating behavior in Coke Dry Quencher (CDQ). By introducing combustion air into the pre-chamber
of CDQ, the coke quality is expected to be improved. Thus, it is necessary to understand the effect of partial air introduction on transport

phenomena in CDQ.

The difference of the transport phenomena such as gas flow, gas and coke temperature and concentration of chemical species in CDQ be-

tween with and without partial combustion is mainly discussed in this paper.

Temperature is about 370K higher in both solid and gas phase with partial air than that without partial combustion around the surface of
coke bed due to heat release of volatile matters combustion. In the middle of CDQ, however, the simulation results with partial combustion
air introduction show the larger decreasing rate of coke temperature than that without air introduction because not only heat transfer between
coke and quenching gas but also endoergic reactions such as C-CO, and C~-H,0 are yielded due to higher temperature and more CO, and
H,0. Coke temperature is almost the same, that is 500K, at the bottom of CDQ, coke outlet.

Key words: partial combustion air; cokemaking; CDQ); pre-chamber; numerical simulation.
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Table 1. Proximate and ultimate analysis of Witbank coal.

Proximate analysis Ultimate analysis Reflectance
[wt. % db) [wt. % d.a.f] (%]
VM FC ASH C H o N S R,
329 59.1 8.0 82.7 4.5 10.0 22 0.6 0.74
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Fig. 1. Schematic diagram of calculation domain in CDQ.

Table 2. Diffusion and source term for each dependent

variable.
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Table 3. Chemical reactions considered in this study.

Pyrolysis reaction
R1 VM - 10CO + Tl
Heterogeneous reactions
R2 C + 120, —» CO
R3 C + CO; - 2CO
R4 C + HO - CO + H,
Homogeneous reactions
RS CO + 120, -» CO;
R6 H, + 120, -» HO
Table 4. Boundary conditions.
Coke
Mass flow rate 190 [t/h]
Temperature 1073.15 (K}
Diameter 0.070 [m]
Gas for partial combustion of coke
Specific gas volume 150 [m3N/t]
Temperature 293.15 [K]
Mole fraction N, 0.79 [-]
0O, 0.21 {-]
Cco 0 [-]
CO, 0 [
H, 0 {-]
H,0 0 [-]
CH,4 0 [-]
Quenching gas
Specific gas volume 1400 [m’w/t]
Temperature 493.15 [K]
Mole fraction N, 0.60 [-1
0O, 0 [-]
co 0.05 [-]
CO, 0.20 [-]
H, 0.05 [)
H,0 0.10 [
CH, 0 [-]
2.7 MAR&M
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Fig. 2. Gas and solid velocity distributions with partial combustion.
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Fig. 3. Temperature distributions without partial combus-
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Fig. 4. Temperature distributions with partial combustion.
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